D o-not-resuscitate (DNR) orders are a part of advanced medical directives commonly implemented in the end-oflife care situations when patients are incapacitated to make crucial medical decisions or have chosen not to escalade care further. The use of DNR is increasing significantly in both inpatient and outpatient settings (1) . Despite the fact that the DNR orders are codified by federal law under the Patient Self-determination Act, 1991, and by state law under Creation and Use of Proxies in Residential Health Care and Mental Hygiene Facilities, 1993, DNR law varies from state to state and there is a lack of national consensus on implementing DNR orders.
Patients and family members frequently voice concerns about the effect of DNR orders on the intensity and scope of medical therapy outside of end-of-life scenarios. Although these orders are entirely based on individual patient and family wishes, there is a concern that the aggressiveness with which these patients would be otherwise treated might be affected. These potential differences could be a result of variations in interpretation of living wills or less aggressive therapy and clinical care (2, 3) . Most likely they would manifest as differences in minor postoperative complications, because mortality and even major postoperative adverse outcomes can be expected to differ in these two groups as a result of the nature of DNR orders.
In the current study, the primary goal was to analyze the relationship between pre-existing DNR orders and the incidence of the postoperative 30-day minor morbidity in surgical patients treated in the United States between 2005 and 2008 to assess if outcome from patients with pre-existing DNR orders were different from those without DNR orders. We also assessed the association of pre-existing DNR orders and individual minor and major morbidities.
MATERIALS AND METHODS
With approval of the institutional review board, we used prospectively collected data from the American College of Surgeons National Surgical Quality Improvement Program database between 2005 and 2008 for this study. The National Surgical Quality Improvement Program is a nationally validated, riskadjusted, outcomes-based program that uses a prospective, peer-controlled, validated database to quantify 30-day risk-adjusted surgical outcomes among all 240 hospitals that participate in the program.
Observation of any of the following complications in the 30-day postoperative period defined our minor complications composite outcome: Superficial surgical site infection (SSI), deep incisional SSI, deep vein thrombosis or thrombophlebitis, progressive renal insufficiency, urinary tract infection, peripheral nerve injury, graft or prosthesis, or wound disruption. Our major complications composite was defined as the incidence of any of the following: sepsis, septic shock, pneumonia, unplanned intubation, mechanical ventilation Ͼ48 hrs, organ space SSI, acute renal failure, stroke/cerebrovascular event with neurologic deficit, coma Ͼ24 hrs, pulmonary embolism, myocardial infarction, cardiac arrest requiring cardiopulmonary resuscitation, and bleeding transfusions.
We excluded all patients who were scheduled for surgeries requiring ventilator-assisted respiration at any time during the 48 hrs preceding surgery, with preoperative systemic sepsis (defined as systemic inflammatory response syndrome, sepsis, or septic shock) or having coma (ie, unconscious, postures to painful stimuli, or unresponsive to all stimuli entering surgery; drug-induced coma was not included) Ͼ24 hrs.
We matched patients who had a preexisting DNR order to patients without a DNR order using propensity matching. First, multiple imputation or median imputation was used to impute missing covariables as appropriate. We then estimated the probability of having a pre-existing DNR order, ie, the propensity score, for each patient by stepwise logistic regression (enter and stay criteria of 0.01) based on the baseline potentially confounders (Table 1) except race, surgical specialty, and Current Procedural Terminology code category. Finally, we matched each DNR patient to a maximum possible three nonDNR patients with the same surgical specialty, race, Current Procedural Terminology code, and propensity score (to within 0.001 propensity score units) by a greedy matching algorithm (4) . We used the Agency for Healthcare Research and Quality's clinical classification software for services and procedures to classify each Current Procedural Terminology code into one of the 244 clinically meaningful categories and used this in the matching. Assessment of covariable balance was performed using standardized differences. Any covariable with a standardized difference Ͼ0.1 in absolute value was considered imbalanced and was adjusted for in all the analyses (5) .
Primary Analysis. We assessed the association between a pre-existing DNR order and any minor morbidity using a proportional subdistribution hazards regression model in which death within 30 days was considered a competing risk event (6) . Time to event was defined as days from surgery to the earliest occurrence of a minor morbidity. Patients who experienced no minor morbidity and did not die were censored at 30 days. Using the same methods, we assessed the relationship between DNR status and any major morbidity, again treating death within 30 days as a competing risk event. Cumulative incidence functions were estimated and plotted for each outcome. To assess the impact of death as a competing risk, we compared results of this analysis with a traditional Cox proportional hazard model in which deaths were simply censored.
We compared patients with and without a pre-existing DNR order on time to death within 30 days after surgery using a traditional Cox proportional hazards regression model in which we censored patients who were still alive at 30 days. In addition, Kaplan-Meier estimates for each group with equal precision 95% confidence bands were calculated and plotted.
Assumptions of proportional subdistribution hazards (for competing risks models) and proportional hazards (for simple Cox model) were evaluated visually with the residual plots and the plots of the log (Ϫlog [survival]) vs. log of survival time.
Secondary Analysis. We assessed the relationships between having a pre-existing DNR order and the incidences of the individual minor and major morbidities using a multivariate (ie, including multiple possible individual morbidities per patient) generalized estimating equations model while adjusting for mortality (7) .
With a total of 2,199 DNR and 6,002 nonDNR patients, we had approximately 90% power at the .05 significance level in our primary analysis (any minor complications as outcome) to detect a relative risk of 0.80 or stronger in our competing risk survival analysis given the observed incidence of 12% in the nonDNR group. We used all available patients between 2005 and 2008 who met the study criteria.
The Genmod procedure in SAS version 9.2 (SAS Institute, Cary, NC), SAS macro gmatch, and the CRR function available in the CMPRSK library for R (www.r-project.org) were used (8) . The significance level for each general hypothesis was .05. Adjustment for multiple testing of individual major and minor outcomes was made using Bonferroni correction.
RESULTS
Of 635,265 surgical cases within the National Surgical Quality Improvement Program database, 576,745 patients met inclusion/exclusion criteria and were used for analysis. Among these, 2,687 patients (0.47%) had a pre-existing DNR order. Before matching, major imbalances (standardized difference Ͼ0.4) were that DNR patients on average were older, more likely to have lower body mass index, more severe American Society of Anesthesiologists physical status, history of cerebrovascular accident/stroke with neurologic deficit, hypertension requiring medication, to be inpatients, dependent both before current illness and before surgery, emergency case, and were less likely admitted directly from home than nonDNR patients.
We successfully propensity-matched 2,199 (of 2,687 [81.8%]) DNR patients with 6,002 nonDNR control subjects. Thus, a total of 8,201 patients were included in the final analysis. After propensity-matching, both groups were comparable at baseline (Table 1 ; Fig. 1 ). Only age, American Society of Anesthesiologists physical status, and admitted from home (yes/no) were marginally imbalanced (standardized difference absolute value of Ͼ0.1); thus, these covariables were adjusted for in all analyses.
Patients with a pre-existing DNR order were an estimated 2.3 times more likely to die within 30 days as those with no preexisting DNR order (p Ͻ .001; hazard ratio, 2.3; 95% confidence interval [CI], 1.9 -2.7 [ Fig. 3] ). Estimated 30-day mortality was 12.5% (95% CI, 4.6 -5.7%) and 5.2% (95% CI, 11.1-13.8%) for DNR and nonDNR patients, respectively.
After accounting for the competing risk of death, patients with a pre-existing DNR order were 16% (95% CI, 3-28%) less likely to experience any minor complication as compared with patients without a DNR order (p ϭ .02) ( Table 2 ; Fig. 2A ). However, DNR order status was not associated with having a major complication, again considering death as a competing risk, with hazard ratio (95% CI) of 0.97 (0.86 -1.10) (p ϭ .65) ( Table 2 ; Fig. 2B ). In a sensitivity analysis not including death as a competing risk, the hazard ratios (95% CI) were 0.87 (0.75-1.01) for minor complications and 0.99 (0.87-1.12) for major complications, respectively, implying a small competing risk of death effect for minor complications.
In our generalized estimating equation analysis of individual complications, a pre-existing DNR order was associated with decreased odds of superficial SSI as compared with non-DNR after adjusting for imbalanced covariables, mortality, the correlations among the individual minor morbidities, and multiple comparisons (Table 3) . Among the individual major morbidities, pre-existing DNR orders were significantly associated with decreased odd of sepsis, unplanned intubation, mechanical ventilation Ͼ48 hrs, and organ space superficial SSI after similar adjustments (Table 4) .
DISCUSSION
Unsurprisingly, patients with preexisting DNR orders are far more likely to die compared with patients without DNR orders. However, our results show that patients with a pre-existing DNR order do not experience more major complications and were in fact less likely to have minor complications within 30 days of surgery. This difference in our minor composite outcome is largely the result of a higher incidence and a statistical significant difference of a single component of the composite score (superficial SSI, 3.0% DNR vs. 4.5% nonDNR) and should be interpreted with caution. Our results suggest that patients with pre-existing DNR orders are not treated differently than patients who do not have DNR orders and receive similar intense treatment plans in end-of-life situations.
Implications of our results are similar to a study conducted by the Study to Understand Prognoses and Preferences for Outcomes and Risk of Treatments (SUPPORT) trial investigators in which it was demonstrated that pre-existing DNR orders were not significantly associated with the likelihood of receiving surgery or less aggressive treatment (9, 10). Similarly, La Puma et al (11) showed that regardless of DNR orders, patients received similar management in end-of-life situations. However, these studies did not report on 30-day morbidity. Some studies raised concerns about whether patients with pre-existing DNR orders were treated differently in end-of-life situations (12-17). Hemphill et al (12) in a retrospective study showed increased odds of dying with DNR orders during hospitalization in intracerebral hemorrhage patients with or without surgery. They further reported that this was not merely the result of DNR status but attributable to the different level of overall aggressiveness of care in patients who did not have DNR orders. Similarly, increased mortality in patients with DNR orders has been reported previously in other studies (13, 18, 19) . Wenger et al (17) reported increased mortality in hospitalized older patients with DNR orders. They also showed that sicker patients get DNR orders earlier, although these patients with early DNR orders had a lower mortality and shorter hospital stay than did patients with late DNR orders. Kroch et al (13) demonstrated less opportunity for improved care if DNR orders existed in palliative care patients. Although our study shows increased probability of dying in patients with DNR orders, we also found decreased probability of having a minor morbidity in DNR patients and no difference in the nonfatal major morbidity composite outcome. This leads us to con- clude that the difference in mortality was largely the result of the DNR order itself being in place. In our study, when individual outcomes were analyzed, superficial SSI was the only minor outcome that was significantly higher in patients without preexisting DNR orders. The incidence of blood transfusion received was the same in both the groups and, although the duration of anesthesia and surgery is marginally greater in the nonDNR group (Table 5) , it probably has little clinical relevance. We have little reason to suspect a difference in factors such as intraoperative normothermia, antibiotic administration, or fluid management, but unfortunately lack the data to investigate this further.
Of major outcomes, sepsis, unplanned intubation, mechanical ventilation Ͼ48 hrs, and organ space SSI were significantly higher in those without preexisting DNR orders, which is an anticipated finding in patients who continue to get treated in the absence of DNR orders.
There are no established national guidelines for patients undergoing surgical procedures with DNR orders and controversy exists about appropriateness of the DNR orders in this setting (10) . Consenting to anesthesia for a surgical procedure itself may be considered contradictory to the order for not being resuscitated (20) and although some of our patients may not want to be resuscitated during cardiopulmonary arrest, they may be willing to undergo anesthesia and surgery for intercurrent complications and improved quality of life (20, 21) . Waisel et al (22) provides a critical review of practical problems in implementing the American Society of Anesthesiologists and American College of Surgeons guidelines for perioperative DNR orders. They further outline a systematic process by which perioperative DNR orders may be re-evaluated and rewritten. Our study was not designed to address the complex issue of pre-existing DNR orders in patients going for surgery, but our results certainly imply that there was little difference in 30-day minor morbidity and hence any variability in patient care depending on the DNR status.
It is reassuring to us that patients with pre-existing DNR orders can successfully undergo surgery and, when compared with similar patients without DNR orders, will not experience a higher rate of postoperative complications. These orders are a cornerstone of patient autonomy and allow caregivers to respect and fulfill the patients' wishes in end-of life situations while at the same time providing the appropriate best care. Supported by our results, DNR orders should not preclude palliative procedures but excellent communication not only between family members and the clinical care team, but also among critical care, surgery, and anesthesia providers is essential to respect and integrate the patient's a The ratio of the odds of the outcome occurring in the DNR group to the nonDNR group after adjusting for age, American Society of Anesthesiologists status, admitted from home (yes/no), 30-day mortality, and the correlations among the individual major morbidities; b the confidence intervals were adjusted for multiple comparisons by using the Bonferroni correction with the .05 significance level; correspondingly, p values Ͻ.0038 are considered significant; c statistically significant for comparison on an individual major morbidity. wishes and beliefs. Educational sessions for the healthcare team should accompany the implementation of a formalized approach to these challenging situations while at the same time allowing for the necessary individualism of each unique patient. This study has limitations inherent to all retrospective studies. Because data are included from different hospitals from different states across the country, it was assumed that the DNR orders meant DNR comfort care that starts at the time of signing the DNR orders document. Furthermore, we did not have any control over the quality of data collection. Hence, the accuracy of the data might be questionable. A limitation of our study, like in any retrospective assessment, is that we were only able to adjust for confounding variables that are measured and recorded in the National Surgical Quality Improvement Program database. Unavailable factors whose absence could affect the relationship of interest include type of hospital, region of the country, experience levels of the providers, and more detailed information on specific procedures performed.
Nevertheless, this study has several strengths. The data from a large cohort of patients (576,745) from a large number of hospitals (240) included made it possible to address an important contemporary issue that has not been otherwise described before in this manner. There are multiple potentially confounding factors and biases in any epidemiological study. We, therefore, used complex statistical methods to adjust for baseline differences and reduce confounding when comparing patients with pre-existing DNR orders and those without DNR orders. Also, a possible bias was avoided by not simply censoring the patients who died; rather, we considered death to be a competing risk for the occurrence of major and minor complications and in doing so obtained a more true assessment of the relationships between DNR and each outcome of interest.
In conclusion, patients who come to the operating room with DNR orders do not experience more minor or major complications than those without DNR orders other than 30-day mortality. These orders play an extremely valuable role in the current healthcare system in extending patient autonomy to end-of-life situations, and evidence from this study does not support the theory that they adversely impact patient outcome. Continued efforts in making perioperative DNR orders more goal-directed and interventions consistent with patients' wishes will improve their implementation in end-oflife situations while allowing physicians to adhere to the principles of ethics.
